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Statement of the Problem: The relationship between rates of perceived exertion

(RPE) during elliptical trainer exercise and treadmill exercise is undefined.
Therefore, the purpose of this investigation was to compare and determine whether
there are differences in RPE with respect to submaximal workloads between elliptical
trainer exercise and treadmill exercise. Sources of d,ata: Five normotensive males,
age 21 to 25 years (22.4 ± 1.7) and six normotensive females, age 20 to 23 years (21
±1.2), VO2 max values 30-59 ml/min/kg were recruited from the Health, Physical
Education, and Exercise Science classes at Morehead State University (M.S.U.) and
the Wellness Center at Morehead State University. Methods: Each subject
completed one graded exercise test on a treadmill as determined by a Bruce protocol.
On a separate day, each subject completed one graded exercise test, as determined by
a predetermined protocol, on a Precor® EFX544 elliptical cross trainer. The second
test was conducted at least 48 hours after the first test. Rate of perceived exertion and

heart rate values were recorded after every three minutes of each exercise session.
Results: Linear regression models found no significant difference in heart rate,

percent VO2 max, or gender when controlling for rate of perceived exertion between
elliptical cross training and treadmill exercise. Conclusions: When comparing
metabolic effects of elliptical cross training and treadmill exercise at submaximal
categories of percent VO2 max, there was no significant difference in the perception
of effort between the two modalities.
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Chapter 1
Introduction

Investigations involving physical activity, fitness, and health have been
precipitated by the increased incidence of chronic hypokinetic disease such as
cardiovascular disease and diabetes. Causes for these problems promote continued
research in these areas. Thus, an examination of modes of exercise and rate of
perceived exertion, factors that influence adherence to exercise, is a primary focus
point.
Statistics from the Center of Disease Control show that about 40% of U.S.
adults· were sedentary in 1997, engaging in no leisure time physical activities of any
kind (1CDC, 2001). Also, currently more than 60% ofU.S. adults do not engage in
the recommended amount of activity and approximately 25% of U.S. adults are not
active at all (2CDC, 2001). The lack of exercise is a major health threat to the U.S.
population, being responsible for an increased mortality and morbidity, as seen by the
increased incidence of chronic disease such as diabetes, hypertension and
cardiovascular disease (Forrest,et al. 2001, Kohl, 2001, Twisk, Kemper, & Mechelen
2000). It is well known that regular exercise has been shown to reduce the risk for
development of these diseases (2CDC, 2001, Forrest, et al., 2001, Kohl, 2001, Twisk,
Kemper,& Mechelen 2000). Furthermore, the amount of risk reduction is directly
related to the amount and intensity of regular physical activity (ACSM, 2000).
Therefore, initiating or maintaining a regular exercise program has its obvious merits.
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Unfortunately, various reasons for not participating in regular exercise are given,
including perceived exertion (Dunbar et al., 1992, Glass, et al., 2001 ). This is an
obvious challenge for health professionals who are charged with the task of
improving an individual's health through exercise.
"To understand why people sometimes lack the motivation for
regular physical activity, one must first acknowl_edge a simple, yet
important fact: exercise is voluntary and time-consuming and
arduous (ACSM, 2000)."
Rate of perceived exertion (RPE) is an established and widely used, albeit
subjective, measure of exercise intensity. As exercise intensity increases, typically as
measured by heart rate, so does RPE (Borg, 1982). Various factors have shown to
influence the relationship between RPE and exercise including gender (Demello,
Cureton, & Boineau, 1997), fitness levels (Parfitt, 1996), previous experience and
(Billat, Renoux, Pinjoteau et al. 1994) and exercise modality (Thomas, et al., 1996).
A study by Monya et al., (2000), demonstrated large differences in energy
expenditure between exercise machine and between men and women at intensities
perceived to be fairly light, somewhat hard, and hard, respectively. Kravitz, Ro bergs,
and Heyward et al., (1997) found similar results and concluded that RPE values are
similar when using relative VO 2 values. Several studies examined the effect of the
choice of exercise modality on the rate of perceived exertion (RPE) (Kravitz et al.,
1997, Thomas, et al., 1995, and Zeni et al., 1996). Glass and Chavla (2001) found
that although self-selected relative intensity was significantly higher (p = 0.02) for the
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leg ergometer than the other modalities (stair-stepper and treadmill), all three modes
remained in moderate range and RPE was "similar" across all modes.
The elliptical trainer has recently become a very popular mode of exercise due
to its low to no impact on the joints (Bates, 2001, Hartwig, 2001, Agoglia, 1999).
Elliptical training is a relatively new mode of cardiovascular exercise modality named
for the elliptical, or oval shape of the path the foot takes during each stride. Since the
foot does not leave the pad, there may be a reduced impact on the joints (Procari et
al., 1998). An elliptical trainer could be considered a combination of several
cardiovascular modalities: the stair stepper, treadmill and exercise cycle and the
cross-country skiing machine. There seems to be a low impact to no impact on the
knees, backs, hips, and foot because the feet are not lifted during the stride sequence,
while the elliptical trainer appears along with the apparent benefits of traditional
weight-bearing exercises (Bates, 2001). Elliptical trainers meet ACSM guidelines for
adequate cardiovascular exercise Kravitz et al., (1998). Nevertheless, few studies
have been conducted comparing RPE at various workloads of the elliptical trainer to
other exercise modalities.

Statement of the Problem
The relationship between rates of perceived exertion during elliptical trainer
exercise is undefined. Therefore, the purpose of this investigation was to examine the
relationship between RPE during submaximal workloads on elliptical trainer exercise
and treadmill exercise.
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Significance of the Study

Regular cardiovascular exercise is an important factor for reducing the risk for
various hypokinetic related diseases, and perceived exertion is a major contributing
factor in the initiation and maintenance of exercise. Elliptical trainers (ET) are a
relatively new mode of exercise. However, little is known regarding the metabolic
cost and perceived exertion during exercise on the ET. This information would be
advantageous in prescribing safe and effective exercise programs for individuals
utilizing this mode of exercise.
Delimitations

The subjects in this project were 11 normotensive males and females aged 2025 years with maximal oxygen consumption ranging from 30-59 ml/min/kg, recruited
from Morehead State University. Prior to entry into the study, casual resting blood
pressures and heart rates were obtained. Subjects were eliminated from the study if
they had more than one risk factor for cardiovascular disease, a resting blood pressure
over 140/90 mm Hg, were pregnant or had musculoskeletal limitations or injuries.
Exercise modalities used during the study were a Q55 Quinton treadmill and the
Precor EFX544 elliptical trainer.
Limitations

It was assumed that all subjects provided maximal effort during the V02max
test. Motivational levels could not be controlled. There was no pre-determined
elliptical GXT protocol available prior to this study. Prior subject experience with the
elliptical trainer was not controlled for. In addition, there was a limited ability to
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control environmental conditions such as ambient air temperature, barometric
pressure, and humidity.

Hypotheses
The research hypothesis states that there will be a significant difference for
rates of perceived exertion (RPE) at the same relative submaximal workloads,
between elliptical cross training and treadmill exercise.
The null hypothesis states that there will be no significant difference in RPE
between the elliptical trainer and the treadmill at the same relative workloads.

Definition of Terms
Elliptical machines: Also called ellipticals, elliptical fitness machines, elliptical crosstrainers, elliptical gliders, elliptical exercisers, and/or transports. A cross-training
fitness machine that can simulate walking, stepping, cycling and skiing with little or
no impact on the joints.
Elliptical motion: The low impact motion used in elliptical cross-training, which
allows users to move through an exercise in a smooth, fluid manner with reduced
impact.
Rate of Perceived Exertion (RPE): A subjective means of evaluating exercise
intensity, utilizing a numerical rating scale for describing the intensity from light to
hard exercise.
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Chapter2
Review of Literature

This chapter will provide a review of 1) a description of elliptical trainers, 2) a
discussion of maximal oxygen uptake (V02 max), and a discussion of how V02 max
is affected by modality, 3) rate of perceived exertion (RPE) and how RPE is affected
by gender, fitness level and mode of exercise.
Elliptical Cross Trainers

Elliptical cross trainers are a relatively new mode of exercise that are used as
an alternative to traditional cardiovascular exercise modalities such as the treadmill,
cycle ergometer, and stair-climbing machine. The elliptical trainer is similar to an
upright cycle ergometer because the feet never leave the footpad and move in an
elliptical or oblong motion. Elliptical training exercise offers a stride that is similar to
the stride of the stair-climbing machine. Clay, (2000) and Porcari, Foster, Schneider,
2000, have shown that the elliptical trainer offers running and walking motion similar
to the treadmill. Kravitz, Wax, Mayo, Daniels, and Charette (1998) and Kravitz,
Mayo, Alvarez (1998) found that the elliptical trainer meets American College of
Sports Medicine guidelines for the improvement of cardiovascular fitness. Procari,
Zedaker, Naser, and Miller (1998) used Tekscan F-scan software and observed that
the vertical ground reaction force of treadmill running was significantly higher
(p<0.05) than the bike, stair-stepper, treadmill walking and elliptical trainer.
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Researchers further showed that the vertical ground reaction force for the Ellipse ( a
certain brand of elliptical trainer) elliptical trainer is less than half that of treadmill
running, and concluded that this may "provide less risk for injury." Kravitz, Wax,
Mayo, Daniels, and Charette (1998) also noted that, since the feet never leave the
footpad, the elliptical trainer "has minimal impact stress during exercise." The
elliptical trainer is also unique in that the motion of the exercise can change by
reversing the direction of pedaling (forward or backward), stepper-climber motion, or
increasing the ramp elevation.
Elliptical trainers have become popular due to the claim of a non-impact
workout. Bates (2001) conducted research to determine the biomechanical benefits of
the elliptical trainer and claimed "40% more gluteal involvement than traditional
machines, exceptional hip flexion and extension, and knee range of motion." The
research also supported claims that the body position minimizes potential for
aggravation of knee injuries and reverse motion emphasizes hamstrings while forward
motion emphasizes gluteal muscles. (Bates, 2001 ).
Elliptical machines either have independent or dependent action. Independent

action machines must force each leg to move the step down. With dependent action
machines, the force of one drives the other. Dual Action models have movable bars
with handgrips to work the upper body at the same time, and ramps, which have an
adjustable, incline ramp that seems to allow concentration on different leg-muscle
groups. If the bars are not movable as with a dual action model, there is arm rail
support with all models.
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Little research has been performed investigating physiological, metabolic, and
perceived exertion affects of elliptical training exercise on male and female
apparently healthy subjects. Kravitz, Wax, Mayo, Daniels, and Charette (1998),
performed investigative research to determine the energy expenditure, physiological
(VO2, VE, HR, kilocalories) and psychological (RPE) responses of subjects trained
on the Precor® EFX. Twenty healthy male and female volunteers between the years
of age 18 and 21 were tested. An EFX® elliptical trainer was used during five minute
exercise of: forward (resistance setting at 4, slope setting at 5); forward with
resistance (resistance setting at 6, slope setting at 5); forward with increase speed,
(resistance setting at 4, slope setting at 5); forward with increased slope (resistance
setting at 4, slope setting at 8); and backwards (resistance at 4, sloped setting at 5).
During all exercise trials, speed was maintained using a metronome at 125 strides per
minutes for forward trials with the exception of the increased speed trial, which was
increased to 135 strides per minute. Researchers measured oxygen consumption,
heart rate, and ventilation, kilocalorie expenditure, and RPE responses. MANOVA
results indicated a significant difference in RPE (p < 0.0001 ). More specifically,
results found that forward motion with resistance and forward motion with increased
speed "elicited the greatest physiological response." However, backwards motion
provided a significantly greater stimulus (p < 0.05) than forwards with respect to
VO2, VE, and heart rate. Respectively, values for forward and backwards motions
are as follows: VO2 forward = 22.3, VO2 backwards= 23.8; VE forward = 33.9,
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VE backwards = 38.3; HR forward= 145, HR backwards= 156.8, kilocalories
forward = 8.1, kilocalories backwards = 8.5. The ratings of perceived exertion
ratings "appeared to underrate the actual physiological responses." Therefore,
subjects were working harder than they were actually rating the exercise.
Researchers also concluded that "elliptical training on the Precor® EFX meets
ACSM guidelines for development and maintenance of cardiovascular fitness."
In a study, by Procari, Zedaker, Naser et al. (1998), which compared
physiological responses of the Ellipse elliptical trainer to treadmill running, treadmill
walking, stationary cycling and stepping, similar results were found. Researchers
tested sixteen subjects between the ages of27 and 54 years. Subjects exercised for 20
minutes at a self-selected intensity on each modality. VO2, heart rate, and caloric
expenditure were taken every minute. Rate of perceived exertion values were taken
every five minutes of exercise and RPE ratings for each modality are as follows,
treadmill walk- 11.7, bike - 12.8, stepper-12.8, treadmill run- 12.8, and Ellipse12. 7; therefore, RPE was similar on all modalities. Mean responses showed no
significant differences (p > 0.05) in VO2 , heart rate, or caloric expenditure between
the treadmill running and Ellipse training. However, both were significantly greater
(p < 0.05) than the bike, stepper, and treadmill walking.

In summary, little research has been conducted to test elliptical training at
given exercise intensities. However, elliptical training has been shown to provide an
adequate cardiovascular workout at self-selected intensities. Increasing the speed and

slope of elliptical training has also been shown to increase the intensity of an elliptical
training workout session.

Maximal oxygen uptake
Maximal oxygen uptake or VO2 max, "is a measure of the maximal amount of
oxygen tl;iat can be used by a person during exhaustive exercise." VO2 max is
achieved when work rate or intensity increases, but the amount of oxygen (oxygen
consumption) used by the body plateaus. Maximal oxygen consumption is the most
reliable and valid measure of aerobic capacity (Morrow et al., 2000). Various
methods are used to express exercise intensity. Some of the most widely used
methods are: (I) kilocalories expended per unit of time, (2) multiples ofresting
metabolic rate called, MET level, (3) as a particular exercise heart rate or percentage
of maximum heart rate, (4) as multiple ofresting metabolic rate or, (5) a measured
lactate threshold, (6) as a rating of perceived exertion. (7) as a relative metabolic
level expressed as a percentage ofVO2 max (McArdle, 1996).

In order to determine VO2 max the exercise must activate large muscle groups
and include a session long enough and intense enough to cause "maximal aerobic
transfer" (McArdle, 1996). Factors that influence VO2 max are: mode of exercise
(Moyna et al., 2001, Kravitz, Robergs, & Heyward et al., 1997), heredity, state of
training (Billat, Renoux, & Pinjoteau et al., 1994, Ogawa, Spina, Wade, et al., 1992),
body size and composition, sex (Moyna et al., 2001, Ogawa, 1992), and age
(McArdle, 1996, Ogawa, 1992). Lactate threshold also is an important indicator of
VO2 max (Meyer, Gabriel, and Kindermann, 1999, Morton & Billat, 1994).
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Exercise Modality and V02 max
"It is generally accepted that variation in VO2 max during different forms of

exercise reflect the quantity of muscle mass activated" (McArdle, 1996). It is also
accepted that for experiments in which VO2 max is determined on the same subjects
during a different exercise mode, the highest values are generally obtained during
treadmill exercise. VO2 max is directly related to caloric expenditure; specifically,
the caloric expenditure increases as the VO2 max increases. In a study by Kravitz,
Roberg, Heyward et al. (1997) researchers examined nine apparently healthy males
and nine females (who were classified as fit by ACSM guidelines) on treadmill
running, cross-country skiing, cycle ergometry, and aerobic riding. On separate days
each participant completed submaximal testing, after an initial maximal test on a
treadmill with a protocol designed by the researchers. Total VO2 for men and women
was significantly higher (p < 0.0001) for treadmill than all other modalities at selfselected exercise bouts.
In a comparison of treadmill and cycle exercise trials, Richards and Davies
(2001) found a significant difference (p < 0.05) in energy expenditure. Researchers

elicited 13.7 kg/min for the cycle ergometer and 8.8 kg/min for the treadmill.
However, the testing protocol was 60 minutes of exercise with 60 minutes of rest on
the same day.
In a study by Chatterjee and Chakravarti (1986) which examined twenty-two,
untrained Bengali women between the ages of 22 and 24, similar results were found.
In this study, women performed maximal graded exercise tests on three different
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modalities (leg ergometer, 17-inch stool for step test, and treadmill). On the leg
ergometer women completed an Astrand protocol, which is an incremental protocol
that increases every three minutes. On the 16-inch stool, women completed a
modified Harvard step test in which women stepped up and down on the stool for a
maximum duration of three minutes at a rate of 30 steps per minute. On the treadmill
after a warm-up, women ran at a constant speed of7 km/hr for a maximum time of
five minutes, gradient increases also occurred. After analyses these results were
reported for mean VO2 max: leg ergometry = 27.69, step test= 30.16, treadmill=
33.47. VO2 max values for the bicycle were significantly lower than step test (p <
0.02), Step test significantly lower than treadmill (p < 0.01), and bicycle significantly
lower than treadmill (p < 0.001).
However, Glass and Chvala (2001) found, in a study, which examined 12 men
and six women between the ages of 18 and 25, a significant increase in relative VO2
among all modes (p = 0.0001) were found. In other words, of all modalities
(treadmill, leg ergometer, and stairstepper), the percent ofVO2 max increased namely
52.52 to 64% on the cycle ergometer, 43.27 to 63.25% for the treadmill, and 47.15 to
61.17% for the stair-stepper. The mean relative VO2 for the cycle ergometer was
significantly higher (p = 0.02) than the treadmill and the stairstepper. The authors
concluded that this was due to the fact that subjects were able to self-select intensity,
and tended to increase the intensity on the leg ergometer throughout the exercise
session.
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Research indicates a difference VO2 with respect to modality. Reasons for
this may be due to gender, fitness level, choice of modality, or familiarity with the
particular mode of choice.
Rate ofPerceived Exertion

Rate of perceived exertion is a means of subjectively measuring exercise
intensity and is especially valuable because it allows individuals of a variety of fitness
levels with intensity guidelines that are easy to understand (ACSM, 2000). The use
of the subjective RPE scale is valuable in settings such as exercise testing (ACSM,
2000, Noble, 1982,) exercise prescription (Dishman, 1994, Dunbar, 1992, Borg,
1973,) recreational and sports settings (ACSM, 2000, Noble, 1982,) and occupational
settings to determine capacity for lifting (Noble, 1982). Rate of perceived exertion
can also be useful as an indicator of impending fatigue (ACSM, 2000). Factors that
can affect RPE are blood lactate concentration (Zeni, Martin, & Hoffman, 1996,
Hetzler, 1991, Noble, Borg, & Jacobs et al.,1983,) VE, relative VO2, (Robertson,
1982). Moreover, a linear relationship has been demonstrated between RPE and HR
during bicycle ergometry, arm ergometry, walking, and running. This was attributed
to the linear relationship between HR and work (Kravitz, 1997, Dishman, 1994,
Stephenson, Kalka, & Wilkerson, 1982). Rate of perceived exertion values are not
reliable from subjects who suffer from mental disorders such as anxiety, depression
(Morgan, 1973), or angina (ACSM, 2000, Noble, 1982,)
The Borg Rating of Perceived Exertion Scale ranges from six to 20 and is
used to designate heart rates ranging from 60 to 200 beats per minute; for example a
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six on the Borg scale roughly corresponds to a HR 60 beats per minute (Borg, 1982).
RPE ratings account for information received from the peripheral muscles and joints
(Borg, 1982, Cafarelli, 1982, Pandolf 1983), the cardiovascular and respiratory
systems, and the central nervous system (Robertson, 1982, Pandolf, 1983). Since
increasing exercise increases the feedback to the central nervous system, one would
expect RPE to increase with increasing workloads. This may also be influenced by
biomechanical efficiency, fitness, and protocol. The Borg RPE scale was developed
to allow the exerciser to subjectively rate his or her feelings during exercise, taking
into account personal fitness level, environmental conditions, and general fatigue
levels. According to Doherty, et al. (2001 ), and individuals must be performing or
exercising at steady state in order to report an accurate RPE.
There are two methods commonly used in order to test RPE: estimation and
production (Dunbar, et al., 1992). The estimation technique is such that a known
intensity is presented to the subject, and the subject is asked to give an RPE rating
during the exercise or testing session. For example, while a subject exercises on a
treadmill, he/she is asked for an RPE. The production technique a method in which
the subject is presented with a previously estimated rating, usually determined by a
maximal oxygen test, and then asked to attain that level of exertion as denoted by the
RPE scale. For example, a subject is asked to get on a treadmill and exercise at an
intensity that feels like an RPE-13. Dunbar et al. (1992), using a treadmill and cycle
ergometer used both the estimation-production method to determine the validity of
RPE intra and intermodally. This research shows that using a target RPE system
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(which is previously estimated during a graded exercise test) inter and intramodally is
a valid way to regulate exercise intensity.
Other studies have examined the validity and reliability of using RPE as a tool
to measure exercise intensity. Skinner, et al., (1973), first observed that lean and
obese subjects were, in fact, able to perceive small differences in intensity on a
Monark leg ergometer. Skinner also observed no significant difference in progressive
and random workload RPE values. In other words, when subjects exercised at a
workload that progressively increased over time, there was no significant difference
between the RPE-rating given when subjects were given random intensities that were
not progressive. Glass, Knowlton, and Becque (1992) used an estimation procedure
in order to determine whether prescribing intensity based on information collected
from a graded exercise test. The research supported validity of this method of
exercise prescription based on level motorized treadmill running. Additional research
utilizing the treadmill and cycle ergometer, (Dunbar, et al., 1994) also determined that
RPE is a "clinically useful" way to regulate exercise intensity.
Glass and Chvala (2001) used an alternative method (alternative to production
or estimation) of allowing the subject to choose a "comfortable" intensity. The
"comfortable" intensity research demonstrated that subjects, when given the
opportunity, did in fact select RPE that were within the range prescribed by the
American College of Sports Medicine (ACSM, 2000). Kang et al. (1997) examined
the validity of regulating exercise intensity using ratings of perceived exertion during
arm ergometry and leg cycle exercise at 50 and 70% peak oxygen consumption
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(VO2peak). In this study it was concluded that using RPE to regulate exercise
intensity is physiologically valid during arm ergometry at both 50 and 70% VO2peak
and during leg ergometry at 50% VO2peak. Dimbar (1998) concurs and also
determined that exercise intensities prescribed from RPE scores are only valid when
made after each individual's HR ranges are determined for RPE ranges.
Kang, et al. (1999) examined the validity of regulating exercise intensity using
rating of perceived exertion during arm ergometry and leg cycle exercise at 50 and
70% peak oxygen consumption (VO2peak). In this study it was concluded that using
RPEs to regulate exercise intensity is physiologically valid during arm ergometry at
both 50 and 70% VO2peak but only at 50% VO2peak during leg ergometry. This was
also seen in another validation study on RPE, Dunbar, et al., (1992) examined
whether perceptual responses that were estimated during an exercise test could be
used to regulate the intensity of exercise on a treadmill and bike, examined the
validity of RPE. The results demonstrated that RPE "provides a simple and
physiologically valid method of regulation exercise intensity" (Dunbar et al., 1992).
Research generally agrees that RPE is not affected by gender. Noble (1982)
observed a significant difference in RPE when comparing absolute 0 2 consumption,
but found no significant difference in RPE as related to gender while comparing RPE
as a function of relative VO2 max (Noble, 1982). Robertson et al. (2000) when
comparing the relationship of gender and RPE using the treadmill, simulated ski, and
cycle exercise measured maximal/peak VO2, heart rate, and RPE at exercise
intensities between 70 and 90% specific maximal/peak values. There was a
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significant difference (p < 0.05) in gender response ofVO2; however there was no
significant difference on any mode of exercise in gender for heart rate or RPE (p <
0.05). Kravitz, Robergs, and Heyward et al., (1997) found similar results to those of
the Robertson (2000) study. Researchers found that although males had a
significantly greater (p < 0.005) absolute VO2 max than women, relative VO2 max
values were "similar." Demello, Cureton, & Boineau, (1997) obtained RPE ratings at
lactate threshold (LT) of 10 untrained men and 10 untrained women versus 10 trained
men and 10 untrained women using an inclined treadmill exercise test. Researchers
observed that although RPE can be an indicator of lactate threshold, RPE is not
affected by gender. Stephenson, Kolka, and Wilkerson, (1982) found that RPE does
not seem to be affected by menstrual cycles. Six adult females volunteers with
normal menstrual cycles (28-31 din length) exercised on the leg ergometer, five
different days of their menstrual cycles; specifically days 2, 8, 14, 20, and 26; (day 1

= onset of menstruation). Each day the subj eels exercised at a maximum workload
(184.4 W) and at four submaximal exercise intensities (45.0, 83.1, 121.4 and 154.4
W). RPE was taken during minute four of each five-min submaximal exercise bout
and at exhaustion each day. There was no significant change in RPE (p > 0.05) at any
exercise intensity related to cycle day. However Jacobson, Lentz, Kulling (1998)
disagree. In a study, which examined six varsity athletes at four phases of the
menstruation, cycle (menstrual, estrongenic, ovulation, and progestional) found a
significantly less perceived strength, power, and speed during pre-menstruation and
menstruation.
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Rate of perceived exertion is a valid and reliable method that allows
individuals of a variety of fitness levels guidelines that are easy to understand. Rate
of perceived exertion is generally not affected by gender, when comparing relative
values.

Rate ofPerceived Exertion and Fitness Level
Research examining rate of perceived exertion and training status has yielded
mixed results. Demello et al. (1997) found that RPE is not affected by training status.
However, other research examining the affect of training status on RPE report
different findings than those reported by Demello et al. and Travlos et al. (1996)
conducted a study using a graded exercise test that gradually increased from moderate
to high exercise intensity. Travlos observed that RPE might be influenced by fitness
level (significant correlation; F = 272.32, p < 0.05) between heart rate and RPE.
Parfitt (1996) concurs, in a study involving low active to high-active subjects,
researchers observed that when exercising at 90% VO2 men and women were
significantly more positive on a feeling scale, which is a different subjective rating
scale. Researchers suggested that when prescribing exercise and using RPE as a
measure of exercise intensity, the low-active individual should exercise at 60% VO2
in order to have comparable RPE measures to those of the high-active individuals. It
should be noted; however, that in Parfitt although ratings differed, in a comparison,
the feeling scale at a given V02, RPE did not differ. In a later study, Parfitt, Eston,
and Conolly (1996) compared three groups of high-and low-active women, in which
women reported RPE ratings ai three steady states (9, 13, and 17) on the cycle
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ergometer, similar results were reported. Researchers found no significant difference
in predictor V02 of nine, and the low active group was significantly more negative at
RPE 17 and less positive than the high active group at all levels. Kravitz (1997)
found, in a study comparing six modalities (treadmill, cross country skiing, cycle
ergometry, and aerobic riding) that individuals who can perform weight-bearing
exercise tend to select higher exercise intensities when running on the treadmill.
Steady state is necessary in order to measure RPE. Parfitt et al. (1995)
observed that when RPE values are taken before steady state has been reached,
namely two minutes 45 seconds, the value would actually be lower than the later true
RPE number. Parfitt et al. (1995) determined that a possible reason for the inaccurate
non-steady state RPE is the delayed response and adjustment of the cardiorespiratory
system and metabolic system to additional workloads. In other words, RPE ratings
should not be taken innnediately before the subject stops exercising. Which is also
supported by a study by Doherty et al. (2001), which agrees that the individual must
be in steady state in order to give an accurate RPE level.
Rate ofPerceived Exertion and Exercise Modality

Inquiry involving rate of perceived exertion has been performed by research
using traditional cardiovascular modalities such as the leg ergometer, treadmill, stairstepper (Hetzler, 1991, Glass, Knowlton, & Becque, 1992, Kravitz, 1997, Moyna,
2001, Glass and Chvala, 2001). However, a majority of the research involving
perceived exertion involves exercise that is performed at self-selected intensities.
Glass and Chvala (2001) demonstrated that subjects select appropriate intensities,
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which fall within the guidelines of the American College of Sports Medicine, which
are 50-85% ofVO2 max. In a study, which examined 18 subjects between the ages of
18 and 25, Glass and Chavla (2001) found that although self-selected relative
intensity was significantly higher (p = 0.02) for the leg ergometer than the other
modalities (stair-stepper and treadmill), all three modes remained in moderate range
and RPE was similar across all modes. Specifically average RPE rates were as
follows, stair-stepper RPE-12. 79, cycle ergometer RPE-12.57, and treadmill RPE12.50. Hetzler (1991) concurs, in research, which tested 29 untrained males, results
demonstrated that although RPE maybe a physiological indicator for perceived
exertion, exercise modality does no affect RPE at lactate threshold in leg exercises.
Research performed by Kravitz, Robergs, and Heyward et al., (1997) found a
significantly lower RPE (p < 0.003) for aerobic riding than treadmill rurming, crosscountry skiing, and cycle ergometry and "similar RPE for treadmill rurming, crosscountry skiing, and cycle ergometry." Although RPE were similar, cross-country
skiing and cycling elicited greater RPE for a given VO2 than treadmill exercise.
Research does not agree whether RPE can be used intermodally or
intramodally. A study by Peoples et al., (1997) were significantly higher in the
treadmill than on the stair-stepper, and cycle ergometer determined that RPE values
are only accurate when measuring within the same exercise. Rate of perceived
exertion can be used intramodally but should not be applied cross modally. However,
Robertson et al. (1990) disagree slightly. In a study that examined RPE and VO2 max
on the treadmill, cycle ergometer, and weighted bench stepping, Robertson (1990)
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concluded that it is appropriate to compare modalities cross-modally as long as the
comparison involves relative metabolic VO2 and not absolute VO2. Monya et al.,
2000 concurs. In Monya et al. it was concluded that "RPE appears to be an adequate
way to equate exercise intensity on different exercise devices because subjects
generally used the same percentage of machine specific VO2peak at a given RPE."
A study performed by Greiwe and Kohrt (2000), compared the metabolic
responses of walking and jogging on a treadmill. The study, which examined 15
apparently healthy women, demonstrated that walking at high speeds (~ 8.0 km/hr) on
a treadmill resulted in equal or greater VO2 max than jogging at the same speeds.
The study also revealed higher RPE ratings during walking as compared to jogging.
Hence, walking on a treadmill is as metabolically efficient as jogging on a treadmill.
Research indicates that rate of energy expenditure is higher in some modes of
exercise than others, (Kravitz, Robergs, Heyward et al., 1997, Thomas, Ziogas, Smith
et al., 1995). More specifically, research has found treadmills to elicit higher energy
expenditure than other selected modes of exercise at specific RPE ratings (Zeni, et al.,
1996, Thomas, et al., 1995, Boer et al., 1997). Researchers (Thomas, et al., 1995)
compared cardiovascular response and RPE responses to steady state exercise of
treadmill jogging, stationary skiing, shuffle skiing, stepping, stationary cycling, and
stationary rowing. The study, which equated exercise intensity by 60% VO2 max and
14-RPE, found that although the six modes elicited similar metabolic responses, there
was a significant difference of 02 consumption and HR among all modes, with
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treadmilljogging eliciting the highest energy expenditure. Treadmill jogging also
had one of the lowest perceptions of effort although only jogging and cycling
revealed a significant difference from each other. The findings of the study suggest
that there is a selection of a higher level of energy expenditure during treadmill
jogging than during the other modalities. This is similar to the findings of Zeni et al.
(1996) which found significant differences among machines in energy expenditure
and HR response (p < 0.001). The study compared metabolic responses between six
machines namely the leg ergometer, cross-country skier, rowing ergometer, a stair
stepper, treadmill walking, treadmill running. Subjects performed blind, self-selected
exercise bouts ofRPE-11, RPE-13, and RPE-15. Blind studies indicate that the
subjects were not allowed to read the digital face to the exercise equipment. The
subjects were allowed to change the intensity based on their perception of the
workout. The results showed significant differences among the machines with
treadmill walking/running inducing significantly higher rates of energy expenditure
than all of the other machines at RPE-13 and RPE-15. Treadmill walking/running
also induced significantly higher rates of energy expenditure than the Airdyne
exercise machine and cycle ergometer at RPE-11. Kravitz (1997) found, in a study
comparing six modalities (treadmill, cross country skiing, cycle ergometry, and
aerobic riding) that individuals self select a higher exercise intensity when treadmill
running than on other modalities. According to this study, treadmill running elicits a
greater cardiovascular response; therefore a greater caloric expenditure.
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However, Katsanos, Cheuvront, Haymes, (2001) report a slightly different
finding than those reported by Zeni et al. (1996). In the study, which compared
energy expenditure relative to RPE on stationary cycling versus ,treadmill walking,
Katsanos et al. (2001) found significant differences (p < .05) in energy expenditure
between the two modes at RPE-11 and RPE-15, but cycling had significantly higher
energy expenditure than walking at RPE-11 and walking had significantly higher
energy expenditure than cycling at RPE-15. There was no significant difference
between the modalities at RPE-13.

In a similar study, Moyna et al. (2001) conducted research that compared the
rate of energy expenditure at exercise intensities corresponding to RPE exercise
intensities of 11 (Borg rating- light), 13 (Borg rating-somewhat hard), and 15 (Borg
rating-hard). The modalities used in this research were: treadmill, stair-stepper,
cycle ergometer, rowing ergometer, cross-country ski simulator and rider. The
subject completed one trial in which they practiced giving RPE numbers called an
"anchoring" trial for each modality, and then each subject completed three separate
submaximal exercise trials on each modality. Each trial on a given modality was
separated by seven days and two days for each testing session. In this study,
participants self-selected an exercise intensity that they felt was RPE 11, RPE-13, and
RPE-15. Results showed that exercise on a treadmill and ski simulator required
significantly greater energy expenditure than the cycle ergometer and rider at all
RPEs and the rowing ergometer at RPE-11 and RPE-13.
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Summary
Elliptical cross trainers are a relatively new mode of exercise that are used as
an alternative to traditional cardiovascular exercise modalities such as the treadmill,
cycle ergometer, and stair-climbing machine.. Research has demonstrated that the
elliptical trainer meets American College of Sports Medicine guidelines for
improvement of cardiovascular fitness and may provide less risk for injury. Maximal
oxygen consumption and RPE are valid and reliable methods to assess individual
fitness and intensity respectively, which can be affected by, VO2 and RPE to include
gender and fitness level. In addition, it has been established that VO2 max and RPE
differ with modality. It is consequently noted that higher VO2 and RPE values will be
elicited in some modalities as compared to others, specifically the elliptical cross
trainer; however, it is unclear whether there is a significant difference in VO2 and
RPE between the elliptical trainer and the treadmill.
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Chapter 3
Materials and Methods
The purpose of this investigation was to compare and determine whether there
are differences in RPE with respect to submaximal workloads between elliptical
trainer exercise and treadmill exercise

Subjects
Five normotensive males, age 21 to 25 years(22.4 ± 1. 7) years and six
normotensive females, age 20 to 23 years (21 ±1.2) were recruited from the health,
physical education, and exercise science classes at Morehead State University
(M.S.U.) and the Wellness Center at M.S.U. After having the study and possible risks
explained to them, each subject signed an informed consent consistent with the
guidelines and policies of the Institutional Review Board of Morehead State
University (see Appendix I). Each subject was given a medical history questionnaire
(see Appendix II) dealing with cardiovascular health, family history of hypertension,
orthopedic limitations and physical status. Descriptive data are in Table 1.

Subject Screening
Casual blood pressure readings were taken following a seated rest period of
five minutes. A standard sphygmomanometer was used. The 1st and 5th Karotkoff
sounds were used as systolic and diastolic blood pressures, respectively. According to
the medical history questionnaire, all subjects were non-medicated, free of coronary
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heart disease or other cardiovascular disease. No subjects had more than one risk
factor for cardiovascular disease or a blood pressure higher than 135/80 mm Hg.

Pre- Test Instruction
Subjects were asked prior to the graded exercise test to follow these instructions:
1. Wear comfortable, loose-fitting clothing for exercise sessions

2. Drink plenty of fluids over the 24-hour period preceding the test to ensure
normal hydration prior to the testing.
3. Avoid food, tobacco, alcohol, and caffeine for at least 3 hours before testing.
4. Avoid exercise or strenuous physical activity the day of the test.
5. Get an adequate amount of sleep (6 to 8 hours) the night before the test.
6. Treadmill and elliptical training protocols were explained.
7. Borg Scale (see Appendix III) and RPE were explained.

Instrumentation
2

The COSMED K4b (Rome, Italy), a portable, open-circuit metabolic system,
was used to measure metabolic response. The K4b2 transmits breath-by-breath data
via telemetry to a computer system. Of interest to this study was heart rate (HR) and
(VO2), oxygen consumption. Heart rate was monitored using a Polar (Polar Electro
Oy) strap with output to the K4b2 system. Blood pressure was measured using a
standard mercury sphygmo-manometer by auscultation of the left arm by the same
investigator at rest and during each stage. Heart rate and heart rhythm were also
measured via a 12 lead ECG configuration using a Quinton 4500 ECG system. Rate
of perceived exertion was determined at the end of each three-minute stage during
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both the elliptical trainer and treadmill protocols. Termination criteria were an RER
of at least 1.15, no further increase in VO 2 with increasing workload, signs and
symptoms of cardiovascular decompensation or the subject asks to stop the test.
Design and Procedures
Subjects were randomly assigned to one of two groups (see Figure 1). In order
to reduce internal validity errors, trials were administered in a counter-balanced order
with the subjects, randomly assigned, participating in the elliptical training GXT first
(n = 6) and the remaining subjects completing the treadmill GXT first (n = 5).
Furthermore, within each gender some of the subjects completed elliptical exercise
first (n = 3, male and n = 3, female) and some performed treadmill exercise first (n =
2, male and n = 3, female). Each subject was instructed to not ingest caffeine or to eat
a meal 3 hours prior to testing and to wear loose fitting clothing. Following subject
preparation (electrode placement, attachment ofK4b2 unit, and attachment of Polar
heart rate strap), and prior to each day's testing, each subject sat in a chair for five
minutes, then had a resting heart rate and resting blood pressure taken and recorded.
Prior to each day's testing, the metabolic system was calibrated for room air and gas
(4% carbon dioxide, 16% oxygen). Room humidity was measured at the beginning of
each testing session using a standard sling cychrometer, and input into K4b2 for
accurate metabolic readings. Upon completion of exercise, subjects were instructed
to perform a five- minute cool down walking (treadmill) or cycling (elliptical) period
at low ioad to reduce blood pooling in the legs then each subject sat quietly for at
least 10 minutes until heart rate and blood pressure returned to normal.
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Figure I: Schematic of experimental protocol
All Subjects
n=II
Elliptical First

Treadmill First

n=6

n=5

Female

Male

Female

Male

n=3

n=3

n=3

n=2

Detemzination ofV02 max
Treadmill
On a separate day, after a minimal three (3) hour fast, subjects completed an
incremental graded exercise stress (GXT) to volitional fatigue (peak:VO2) on an
electronically controlled treadmill (Quinton Instruments Q55). Cardiopulmonary
parameters were measured continuously using the K4b2 electrical system and heart
rate and rhythm was also measured via a 12 lead configuration and imported to the
Quinton 4500 ECG system. A Polar strap (Polar Electro Oy) was also used to collect
heart rate data. The Bruce protocol was used on the treadmill (see Appendix IV).
Heart rate, blood pressure, and RPE (subjects were asked to point to the RPE number
on a Borg Scale) data was collected and recorded every three minutes, at the end of
each stage.
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Elliptical Cross Trainer
On a separate day, after a minimal three (3) hour fast, subjects completed a
GXT to volitional fatigue (peak:VO2) on a Precor® EFX 544 elliptical trainer.
Cardiopulmonary parameters were measured continuously using the K4b2 electrical
system and heart rate and rhythm was also measured via a 12-lead configuration and
imported to the Quinton 4500 ECG system. A Polar sqap (Polar Electro Oy) was also
used to collect heart rate data. The elliptical training protocol is shown in Figure 2.

Figure 2. Elliptical Traiuiug Protocol
Stage

Time (min)

I

*Ram~

3:00

Strides per
minutes
95

2

6:00

125

0

3

9:00

145

0

4

12:00

165

0

5

15:00

185

0

6

18:00

205

0

7

21:00

205

3

8

24:00

205

5

* Ramp 1s elevat10n

0
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Heart rate, blood pressure, and RPE (subjects were asked to point to the RPE
number) data were collected and recorded every three minutes at the end of every
stage. The digital facepad on elliptical was covered and a Qwiktime™ metronome
was used in order to maintain strides per minute. Subjects were instructed "every
time the metronome clicks, one foot should be going down, and the other should be
going up." At the end of each stage after collecting RPE, HR, and BP data, the
primary investigator increased the cadence of the metronome. In cases in which the
ramp was increased, the primary investigator increased the ramp, using the keypad on
theEFX544.
Data Statistics and Analysis
Since only one subject completed more than five stages for both modes, data
were run for stages one through five yielding 100 observations overall. To control for
VO2 as a percent ofVO2 max, a new variable was created (VO2NO2max). Univariate
analyses were run to select five cut-off points for percent VO2 max. Five categories
were created: (1) 10th percentile and less, (2) greater than 10th percentile and less than
or equal to 25 th percentile, (3) greater than 25 th percentile to less than or equal to 50 th
percentile, (4) greater than 50th percentile and less than or equal to 75 th percentile, (5)
greater than 75 th percentile. Mixed regressions models were run to account for the
unbalanced design and repeated measures. Therefore, some subjects completed more
stages than other subjects, and some subjects completed more stages on one mode
versus the other. Least square means were calculated and plotted. The mixed
procedure (proc mixed) in SAS version 8 was used for these analyses. Means and
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standard deviations were used for descriptive data. Means and standard errors were
reported for differences between groups. An alpha level of0.05 was used to
determine statistical significance.
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Chapter4
Results
This chapter presents descriptive data illustrating resting and maximal values
of subjects. Also presented are data which details the effect of treadmill (TR) and
elliptical cross trainer (ET), on the rate of perceived exertion, controlling for maximal
oxygen uptake and heart rate. Gender effects are also shown.

An independent !-test was conducted using Microsoft Excel to compare
descriptive data of subjects. A significant difference, (p < .05) was shown in
maximal values for rate of perceived exertion on the elliptical cross trainer (see Table
1), between the males and the females.
Table 1. Descriptive Data

Mean± SD

Males n=5

Femalesn=6

Age
Height (inches)
Weight (lbs)
Resting SBP (mm Hg)
Resting DBP (mm Hg)
Resting HR (bpm)
VO2max ET (ml/kg/min)
VO2max TR (ml/kg/min)
*H R Max ET (bpm)
HR Max TR (bpm)
*RPEMaxET
RPEMaxTR

22.4 ± 1.7
72.4± 3.2
215.8 ± 29.4
118.0±7.9
79.2±7.6
77.0± 11.7
42.2±6.7
51.6±5.4
179.2± 8.3
179.4 ± 4.0
17.2 ±1.79
17.2 ±2.49

21.7± 1.2
66.5 ± 2.7
146.3 ± 23.3
109.3 ± 4.3
75.3 ± 3.5
76.6 ± 13.3
43.3 ± 7.4
45.7 ± 5.3
200.5 ± 5.3
190± 10.8
18.33 ± 1.03
17.17 ±1.83

*significant difference, p<0.05 between male and female

To control for VO2 max, five separate categories (of percent VO2) were
devised. For example, in the second quintile (I 0%-25% ofVO2 max) there were six
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elliptical observations and eight treadmill observations, in other words, there were
eight submaximal workload points recorded and available to plot between 10-25% of
VO2 max recorded for the elliptical and eight available to plot between 10-25% of
V 02 max for the treadmill.

Effect of Mode of Exercise on Rate of Perceived Exertion Controlling for percent
V02max

A linear regression model was conducted to examine the effect of mode of
exercise on RPE, controlling for percent VO2 max. The model, (RPE=mode+%VO2+
mode* %VO2) showed no main effect for mode (F = 0.46, p > 0.51), and no
interaction effect for mode* %VO2 (F = 0.93, p > 0.47) (see Table 2). There is a
main effect for %VO2 (F = 77.50, p < 0.0001). (See Table 2). The LS means were
plotted (see Graph 1) and tabled (with confidence intervals) by mode (see Table 3).
There is no difference in the rate of perceived work between the elliptical cross
trainer and the treadmill; therefore the decision was made to reject the null
hypothesis.
Table 2. Linear Regression Model for Main Interaction Effect of Mode and %
V02
Effect
F
-value

Mode
%VO2
Mode* VO2

0.46
77.50
0.93

0.5127
<.0001
0.4733
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Graph 1. Modality effect on RPE at percent VO 2
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Table 3. Rate of Perceived Exertion (95% Confidence Interval) by Mode
%V02

n

RPE*ET

<10%

1

8.54 (5.35-11.73)

1.63

10-25%

6

7.86 (6.47-9.25)

.71

25-50%

17

10.40 (9.48-11.32)

.47

25-50%

16

13.72 (12.78-14.66)

.48

75%

7

16.77 (15.75-17.99)

.52

%V02

n

RPE+TR

S.E.E.

<10%

9

7.43 (6.27-8.59)

.59

10-25%

8

8.60 (7.38-9.82)

.62

25-50%

8

10.72 (9.50-11.94)

.62

25-50%

11

12.82 (11.76-13.89)

.54

75%

IO

16.24 (15.18-17.30)

.54

*Elliptical Trainer
+Treadmill Exercise

S.E.E.
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Effect of Mode of Exercise on Rate of Perceived Exertion controlling for Heart
Rate.
A univariate analysis was conducted to create six categories of heart rate. (See
table 4). A linear regression model was conducted to examine the effect of modality
on RPE controlling for heart rate. The model, (RPE=mode + HR + mode*HR)
showed no main effect for mode (F = 0.98, p > 0.345), and no interaction effect for
mode* HR (F = 0.58, p > 0. 72). There is a main effect for HR (F = 61 .40, p <
0.0001). (See table 5). LS means for RPE were plotted by mode (see Graph 2).
There thus appears to be no difference in the heart rate values, with an increase
workload, between the elliptical cross trainer and the treadmill.

Table 4. Heart Rate Categories for LS means
Heart Rate Cate ories
HR '.S 107.61
HR>107.61 and '.Sl15.86
HR>l 15.86 and '.Sl35.6
HR>135.6 and '.Sl61.9
HR>l61.9 and '.Sl82.1
HR>182.1

RPEET
7.74
7.76
8.98
11.80
14.55
18.60

RPET
6.79
8.25
9.51
10.96
14.23
17.53

Table 5. Regression Model of Main and Interaction Effect of Heart Rate and
Mode
Effect

F

Mode
Heart Rate
mode* HR

0.98
61.40
0.58

-value
0.3449
<.0001
0.7152

}
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Graph 2. Modality Effect of Rate of Perceived Exertion on Heart Rate
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Effect of Mode of Exercise on Rate of Perceived Exertion and Workload by
Stage

In a regression model controlling for VO2 max by stage (RPE =mode+ stage
+ VO2 max), results showed no significant interaction effect of mode on RPE values
(p = 0.19), by stage. Means are graphed (see table 6 and graph 3). There thus

appears to be no difference in the RPE between the elliptical cross trainer and the
treadmill by stage.

Table 6. Mean RPE values by Stage for elliptical trainer (ET) and treadmill
(TR).
Stage

Stage 1
Stage 2
Stage 3
Stage 4
Stage 5

RPEET RPETR

8.61
10.97
12.7
15.06
16.51

7.45
9.72
12.46
15.44
17.26
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Graph 3. Effect of Modality on RPE by Stage
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Gender Effect of Modality on Rate of Perceived Exertion

A linear regression model was conducted to examine whether gender changed
the effect of mode on RPE. The model, (RPE = mode+ %V02+sex+ mode*sex)
showed no main effect for mode (F = 0.40, p > 0.541), no main effect for sex (F =
0.24, p > 0.634 and no interaction effect for mode * sex (F = 4.02, p > 0.076). There
was a main effect for percent V02 (F = 77.50, p < 0.0001) (see Table 7). There thus
appears to be no difference in the rate of perceived work, between males and females,
on the elliptical cross trainer and the treadmill.

Table 7. Regression Model of Main and Interaction Effect of Gender and Mode
Effect
Mode
Sex
Mode*sex

F
0.40
0.24
4.02

-value
0.541
0.634
0.076
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Chapter 5
Conclusion
The results of the current study demonstrate no significant difference in RPE
of treadmill exercise to that of elliptical cross training exercise with respect to relative
workloads as measured by oxygen consumption. Therefore the decision was made to
fail to reject the nun hypothesis. In other words, when expressed as a percent of
maximal oxygen uptake, RPE appears to be similar when comparing an incremental
exercise session on the treadmill using a Bruce protocol and an incremental exercise
session on the elliptical cross trainer using the selected protocol. However, there is a
significant difference (p < 0.05) of maximal rate of perceived exertion between males
and females on the elliptical trainer as wen as a significant difference (p < 0.05) in
maximal heart rate values between males and females. This is similar to research
conducted by, Kravitz et al, 1997, which demonstrated that exercise mode does affect
perceived responses although in the Kravitz (1997) study, data was conected while
individuals performed self-selected exercise intensities.
When controning for VO2 max, no difference was found in RPE across the
modalities, in other words when comparing the RPE categoricany (by selected
percent VO2 max categories), no difference was found at any percent ofVO2 max
between elliptical cross training and treadmin exercise. However, there was a
significant effect on VO2. This is to be expected because RPE typicany increases as
intensity and workload increases, as does VO2 (Borg, 1982). This seemed to be due
to the fact that the elliptical cross training protocol was too aggressive initiany and
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not aggressive enough after stage two. This is also apparent when observing quintile
categories that only one subject had data for the elliptical in the <l 0 percentile, and
nine had data for the treadmill, but in the second quintile there were six observations
for the elliptical training exercise and eight observations for treadmill exercise, then
in the third quintile there were 17 observations for the elliptical trainer and eight for
the treadmill. Therefore, as the elliptical training exercise session increased with
intensity the amount of available observations increased, but initially there were not
many observations available.
When controlling for VO2 max by stage, no significant difference in rate of
perceived exertion was found between elliptical cross training and treadmill exercise.
In other words, there was no significant difference between elliptical cross training
and treadmill at any of the stages (1-5). Again, there was a significant percent VO2
effect because rate of perceived exertion and VO2 typically increases with workload
and intensity. This also seemed to be due to the aggressive, initial stages of the
elliptical training protocol. The later stages of the elliptical training exercise session
did not appear aggressive enough because with the exception of one subject; who
completed the same number of stages on each modality at approximately the same
amount of time, the other the subjects completed longer exercise sessions, or more
stages on the elliptical cross training protocol, than on the treadmill Bruce protocol.
The subject completed treadmill session in 11 minutes and 27 seconds and the
elliptical training exercise session at 11 minutes and 33 seconds, both sessions ended
at stage four of the respective protocols. After observing heart rate and VO2 values at
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certain stages, it appeared that some subjects might have underrated RPE at times.
For example, one subject rated stage 4 at an RPE of 15, then stage 5 at an RPE of 19.
This leads to the idea that stage 4 may have been more difficult than RPE-15. A
longer familiarization with the Borg Scale might have decreased the possibility of the
underrating of perception of effort.
When controlling for heart rate, no significant difference in rate of perceived
exertion was found between elliptical cross training and treadmill exercise. In other
words, at the selected heart rate categories there was no difference in heart rate when
comparing the two modalities. There was; however, also a significant effect on heart
rate, which is also expected because heart rate typically increases with exercise
workload and intensity as does rate of, perceived exertion.
When controlling for a gender effect, no significant difference in rate of
perceived exertion was found between elliptical cross training and treadmill exercise.
In other words, there was no significant difference at given percents ofVO2 max, but

there is a significant difference in maximal RPE on the elliptical trainer between men
and women. There was a significant difference in maximal heart rates between males
and females (p < 0.05). However, there was also significant difference (p < 0.05) in
maximal rate of perceived exertion between males and females on the elliptical
trainer, which may be attributed to the higher maximal heart rates elicited in the
males. Interestingly, although in general, males typically have higher VO 2 max
values than females (Kravitz, Wax, Mayo et al. 1997, McArdle, Katch, and Katch,
1996, Moyna, 2001), the elliptical trainer appeared to elicit higher average absolute
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VO2 max values with the females than the males, while the treadmill appeared to
elicit higher average absolute VO2 max values on males than with females. This may
be due to the fact that from a pre-study questionnaire, more of the females than males
had previously completed exercise on the elliptical trainer before completion of the
study. Males also seemed to have a difficult time keeping their larger feet on the
footpad of the elliptical trainer. At higher cadences, a few of the male subject's feet
appeared to slide to the front of the footpad, making the exercise more difficult;
therefore, less desirable to complete the exercise session. This may have had an
impact on heart rate values or RPE values. The smaller stride length of the elliptical
trainer may also have contributed to the values given by the males. It also appears
that males may have worked harder on the treadmill than on the elliptical trainer,
since on the treadmill, rate of perceived exertion values were not significantly
different, but on the elliptical cross trainer, females reported significantly higher RPE
values.
The current research supports previous research performed by Kravitz, Wax,
Mayo, and Charette (1998) and Procari, Zedaker, Naser, and Miller (1998) that
elliptical cross training is capable of providing an adequate cardiovascular exercise
bout. Furthermore, elliptical training can be added to an individual cardiovascular
program in order to introduce variety, which has been shown to increase adherence
(Glaros and Janelle, 2001).
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Recommendations for Further Study

1. Similar studies should be performed using a more progressive elliptical
training protocol in order to shorten the elliptical training exercise session.
2. A protocol which includes more use of the ramp option and less increase in
strides per minute may help, because some subjects were not fatigued, but
could not maintain the strides per minute.
3. In order to increase the power of the significance, a similar study should be
performed with a larger sample.
4. Similar studies should be performed using different types of elliptical trainers,
since studies have found varying results about dual action exercise modalities.
5. Similar studies should be performed comparing the elliptical trainer to other
cardiovascular exercise modalities.
6. Similar studies should be performed to examine other metabolic effects of
elliptical training, in order to possibly design an exercise testing protocol for
the elliptical trainer.
7. For testing purposes, a larger footpad or foot strap on the elliptical trainer is
preferable in order to accommodate subjects with larger feet.
8. Similar studies should be performed to examine the familiarity effects of
elliptical training of those who perform elliptical training regularly versus
those who do not.
9. Subjects should undergo a more extensive familiarization with the equipment
as well as understanding the RPE scale.
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TITLE OF STUDY: Comparisons of Perceived Exertion of Elliptical Training

and Treadmill Exercise

Informed Consent
INVESTIGATOR INFORMATION
My name is Marcisha Brazley. I am a graduate student at Morehead State University. I am
conducting a research project to compare perceived exertion measurements taken from
exercise sessions of two modalities, namely the elliptical cross trainer and treadmill.

I - - - - - - - - - - - - - - , - ~ have been asked to participate in the research study
under the direction ofMarcisha Brazley. Dr. Manual Probst may assist or act for her. Dr.
Probst has certification in CPR, and ACSM-Exercise Specialist, ACSM-Exercise Test
Technologist, and ACSM-Program Director
PURPOSE:
The purpose of the study is to obtain subjective information about the intensity of exercise on
the elliptical cross trainer and treadmill. In doing so, information may be gathered to help
increase compliance to prescribed cardiovascular programs.
DURATION AND LOCATION
My participation in this study will last (3) weeks. The study will be conducted in the
Exercise Science lab in the Athletic-Academic complex and in the University Wellness
Center.
PROCEDURES
I understand that during the course of the study I will be asked to complete a medical history
questionnaire. I will perform one graded exercise test on a treadmill in which electrodes will
be attached to my chest. One exercise session on a treadmill, and one exercise session on an
elliptical cross trainer. In each exercise session as well as the exercise test, I will be attached
to a metabolic analyzer in which, a gas exchange mask will be attached to my head. The
exercise intensity will begin at a low level and will be advanced in stages. We may stop the
test at any time because of signs of fatigue or unexpected changes in your heart rate, (ECG)
electrocardiogram, or blood pressure, or symptoms you may experience. Heart rate will be
measured every 3 minutes with a Polar Heart Monitor which is a belt strapped around the
chest and a watch worn on the wrist. Heart rate will also be monitored by an ECG machine
which has 12 leads (or sticky tabs) attached to the body. Blood pressure will be measured
every three minutes with a blood pressure cuff and stethoscope. You may be asked to stop for
these reasons by the person performing the test. You may also stop participating in the test at
any time for any reason that you choose.
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GRADED EXERCISE TEST (GXD
The GXT is designed to: a) determine the functional capacity of my heart and circulations
and b) ensure that I am able to participate in additional tests of the study. During the GXT,
heart rate, electrocardiogram (ECG) and blood pressure will be monitored. Expired air will
also be measured through a metabolic analyzer which consists of a machine strapped to the
body with a light, rubber mask that covers the mouth and nose, but has a hole to allow for
breathing. The GXT will facilitate evaluation of cardiorespiratory function and assist the
primary investigator in prescribing the no more than 20 -minute exercise session. The GXT
will consist of walking then running on an electronically controlled treadmill, allowing
workloads to gradually increase the demands of the heart by increasing the speed and grade
(tilt). During the GXT a trained observer (Marcisha Brazley or Dr. Probst) will monitor my
heart rate, ECG, and blood pressure. I understand that the GXT is designed to exercise the
point that I cannot exercise anymore due to my tiredness or fatigue. There exists the
possibility that certain abnormal changes may occur during the process of the test. These
changes could include abnormal heart beats, abnormal blood pressure responses, and in rare
instances, heart attack. Professional care will be provided through the medical history and
risk stratification, through monitoring procedures described above during the test and through
maintaining a safe exercise environment by Marcisha Brazley, American College of Sports
Medicine-Health Fitness Instructor certified and Dr. Manuel Probst, Assistant Professor of
Exercise Science and American College of Sport Medicine certified Program Director.
EXERCISE SESSIONS
Upon successful completion of the GXT, I will be scheduled to participate in the following
tests. I will perform both of these tests. I understand that these tests will be performed on
separate days. The exercise session will consist of elliptical cross training on one day, and
treadmill training on a separate day, each session will last no longer than (I) hour with no
longer than 20 minutes of actual exercising to about 75 % ofmy maximal work capacity,
followed by a 5 minute period of walking at no workload. During the exercise sessions, I will
be asked periodically to rate my exercise intensity by using a scale that will be placed in front
ofme.
ADVERSE EFFECTS
There exists the possibility of certain changes occurring during the GXT or exercise sessions.
These include abnormal blood pressure, fainting, irregular, fast or slow heart rate, and in rare
instances, heart attack, stroke, or death. Every effort such as medical history questionnaire,
risk stratification, monitoring of heart rate, blood pressure, and ECG during test, will be made
to minimize these risks by evaluation of preliminary information relating to your health and
fitness and by careful observation during testing. The evaluation will be performed by
Marcisha Brazley or Dr. Manual Probst. Emergency equipment and trained personnel, both
Marcisha Brazley and Dr. Manuel Probst are available to deal with emergency situations that
may arise.
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CONFIDENTIALITY
Every effort will be made to maintain confidentiality of my study records. Records will be
kept in a locked cabinet to which only Marcisha Brazley and Dr. Probst have a key. Only
Marcisha Brazley and Dr. Probst have access to study records. All information obtained from
me will be kept by Marcisha Brazley and will be not be shown to anyone except other
investigators involved in the study. The data from the study may be published; however, you
(the subject) will not be identified by name. Aggregate (group) data will be reported. No
participant scores will be reported. My identity will remain confidential unless law orders
disclosure.
COMPENSATION
I understand that I will receive no monetary compensation for participating in this study.
RIGHT TO REFUSE OR WITHDRAW
I understand that I do not have to take part in this study or may discontinue participation at
any time. I understand that my refusal to participate would involve no penalty or loss of
rights to which I am entitled. I also understand the investigator has the right to withdraw me
from the study at any time.
EXCLUSIONS
I understand I may be excluded from the study if: 1) I have or have had any musculoskeletal
problems, 2) I have documented heart disease or have two or more cardiac disease risk
factors.
OFFER TO ANSWER QUESTIONS
Ifl have any question about the study or ifresearch related injury occurs I may call Marcisha
Brazley at (H) 606-783-4541 or (W) 607-783-5247 or Dr. Manuel Probst at 606-783-2462
IfI have any questions about my rights as a research subject I may call Morehead State
University Research, Grants and Contracts office at ( 606) 783-2010
By signing below, I verify that I have been informed of and understand the nature and
purpose of the project, freely consent to participate, and I am at least 18 years of age.
SIGNATURES

Signature of Research Subject

Date

Signature of Investigator

Date
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MEDICAL HISTORY AND SUBJECT INFORMATION
Name

----------------------

Date._ _ _ _ _ _ Sex_ _Height_ _Weight_ _Age_ _
In case of emergency
contact.______________Phone._ _ _ _ __
Personal Physician_ _ _ _ _ _ _ _ _ _ _ _ _~Phone._ _ _ _ _ _ __
Please check the appropriate answer for the following:
Have you EVER had or
do you have:
y
Heart Attack
N Angina/Chest Pain
Arthritis
High Cholesterol
Asthma
Thrombophlebitis
IDgh Blood Pressure
Pace Maker
Heart Surgery
Use tobacco
products
Embolism
Diabetes
Heart Infections
Valve Disease
Epilepsy
Irregular Heart
Beat
Aneurysm
Anemia
Shortness of Breath
Severe Leg pain
Rapid Heart Beats
Knee or other lower
leg injury
Back Pain or injury
Dizziness
Flu or other Viral or
Heart Medications
bacterial illness or
infection
Family history of high
Other injuries that
blood pressure
limit your ability to
exercise
Dramatic weight gain or
Stroke
loss in the past year
Pregnancy

y

N

Has your physician ever advised you against exercise? If yes, please explain

Do you exercise regularly? If yes, _how often do yon aerobically exercise?
lx/week_2x/week_more than 3x/week_
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For how many minutes per session______ Do you exercise at a low_
moderate_ high intensity_
What type of exercise do you usually do?

53

Appendix III

54

Borq Sca Ie.

6
7

Very, very light

8
9

Very light

10
11

Fairly light

12
13

Somewhat hard

14
15

Hard

16
17

Very hard

18
19
20

Very, very hard
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Subject Number_ _ _ _ __
Modality_ _ _ _ _ _ __
Resting Heart Rate_ _ _ _.Resting Blood Pressure_ _ _ __
Stage

Heart Rate

Blood
Pressure

1
2
3
4

5
6
7

8
9

10
11

12

Recovery
1 minute HR._ _ _ _ BP_ _ __
2 minute HR
BP_ _ __
3 minute HR
BP- - - 4 minute HR
BP_ _ __
5 minute HR
BP_ _ __

RPE

Notes
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